ABSTRACT PURPOSE: To compare higher order aberrations measured with the NIDEK OPD-Scan and AMO WaveScan.
T he anterior eye is a complex optical system and is subject to optical aberrations. Higher order aberrations arise primarily from the geometry of the cornea and crystalline lens, and emerging wavefront technologies have facilitated the measurement and attempted correction of higher order aberrations. 1 Aberrometers, using a variety of principles such as ray tracing, Hartmann-Shack, Tscherning, and slit skiascopy, have been used for the objective measurement of the ocular wavefront. 2 The total wavefront in either case can be converted into the sum of the basic selectively weighted aberrations using Zernike polynomials as the fi tting method. Zernike polynomials are a succession of mathematical expansions allowing the expression of the wavefront in both low and higher order aberrations.
A battery of tests and machines are commercially available to the clinician in the fi eld of refractive surgery. Variability in methods and principles has led to controversy in the measurement of higher order aberrations and in their correction. The purpose of this study is to compare higher order aberrations up to the sixth order and total root-mean-square (RMS) higher order aberration value, measured using the OPD-Scan (NIDEK Co Ltd, Gamagori, Japan) and the WaveScan (Abbott Medical Optics, Santa Ana, California).
PATIENTS AND METHODS
Higher order aberrations were measured in 1072 eyes of 536 patients (307 women, 229 men) presenting for refractive surgery. Mean patient age was 33.6 years (range: 20 to 66 years). Inclusion criteria consisted of a pupil diameter Ͼ6 mm, no previous ocular surgery, no signs of eye disease, and visual acuity 20/30 or better. Mean manifest sphere and cylinder refraction was Ϫ2.54 diopters (D) (range: Ϫ10.75 to ϩ5.75 D) and 0.85 D (Ϯ5.75), respectively. Following full ocular examination, monochromatic aberrations were measured three times with the OPD-Scan II ARK-10000 and the WaveScan in a random order for each eye, in a darkened room without cycloplegic drops. The most reliable scan was used based on the highest quality scan reported from each aberrometer. Zernike coeffi cients, up to the sixth order across a 6-mm pupil, were recorded. The OPD-Station software (NIDEK Co Ltd) was used to report aberrations across a 6-mm pupil for the OPD-Scan. WaveScan data were rescaled using the method described by Schwiegerling 3 to report aberrations at a 6-mm pupil. A twice-daily calibration measure of both aberrometers was conducted using test eyes ensuring measurements were within manufacturers' recommendations. Procedures followed the tenets of the Declaration of Helsinki.
The mean, standard deviation, difference between means, and Bland-Altman 95% limits of agreement (LoA) were calculated for each Zernike coeffi cient and for the total RMS higher order aberrations. A two-way random intraclass correlation coeffi cient (ICC) was calculated for comparisons between aberrations. Ninetyfi ve percent confi dence intervals and P values were also calculated, with PϽ.05 interpreted as statistically signifi cant. All statistics were calculated using SPSS (Version 17.0; SPSS Inc, Chicago, Illinois).
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RESULTS
Higher order aberrations of greatest magnitude were third-order aberrations and fourth-order spherical aberration (Z (ICC=0.715). All other polynomials had a poor consistency (ICCϽ0.6), including total higher order aberrations (ICC=0.064), and no Zernike polynomials had a high consistency (ICCϾ0.8).
DISCUSSION
The results showed that the higher order aberrations of greatest magnitude were Z but all other polynomials had poor consistency (ICCϽ0.6), particularly for aberrations of higher order. Generally, a greater ICC was observed for lower order terms. The total Furthermore, the mean value was found to be of higher magnitude with the OPD-Scan (0.469 µm) compared to the WaveScan (0.238 µm) with a dramatic standard deviation difference. The differences found may be attributable to key technical differences between the instruments. The OPD-Scan uses slit skiascopy whereas the WaveScan uses the Hartmann-Shack principle. Slit skiascopy is a time-based method with slits of infrared light being refl ected from the retina. Slits are detected by a range of photodetectors that measure the time taken for the intensity of refl ected light to peak and compare this to the aberration-free eye. In comparison, the WaveScan uses the position-based Hartmann-Shack method, which is based on the locations of refl ected light compared to aberration-free locations. 2 The number of sample data points differs between these aberrometers; the OPD-Scan uses up to 1440 points whereas the WaveScan uses up to 240 points. The OPD-Scan reports aberrations along the corneal vertex and the WaveScan reports aberrations with respect to the pupillary axis. The wavelengths of the light sources are 808 nm and 780 nm in the OPDScan and WaveScan, respectively. Measurements are also performed on real eyes, which are complicated by factors such as temporal fl uctuations (eg, accommodation and tear fi lm fl uctuations). 1 Burakgazi et al 4 compared three aberrometers, including the OPD-Scan and WaveScan. The total higher order aberrations for the OPD-Scan and WaveScan were 0.38 µm and 0.47 µm, respectively, compared to 0.469 µm and 0.238 µm found in our study. The difference between the two instruments for total higher order aberrations was 0.11 µm compared to 0.312 µm in our study. Salmon and van de Pol 5 combined the aberration data from 10 laboratories and found the most prominent polynomials across a 6-mm pupil were Z , Z 4 4 , and Z 5 5 , whereas in our study, the opposite occurred. Netto et al 7 found that the largest magnitude of higher order aberrations using the WaveScan across a 6-mm pupil came from coma (0.14 µm), trefoil (0.10 µm), and spherical aberration (0.09 µm) with total higher order aberrations measuring 0.23 µm. Our study found a similar pattern with regards to the order of higher order aberrations but magnitudes were greater. Levy et al 8 reported the results with the OPD-Scan in patients with visual acuity 20/15 or better, fi nding the total RMS higher order aberrations to be 0.334 µm. Zadok et al 9 found the total higher order aberrations with the OPD-Scan to be 0.347 µm. Both study fi ndings are lower than the mean value of 0.469 µm found in our study.
Kim et al 10 measured higher order aberrations with the OPD-Scan and WaveScan in 92 eyes. Compared to our study for the OPD-Scan, third-and fourth-order higher order aberrations were of the same sign and similar in magnitude, except for Z 1 3 . For the WaveScan, third-and fourth-order higher order aberrations were of the same sign and similar in magnitude, with the exception of Z 3 3 and Z 4 4 . Higher Order Aberrations/McAlinden & Moore
The differences found in our study provide no indication of which instrument is more accurate and therefore which could be used as the standard. However, the results provide an indication of the performance and comparison of these aberrometers in clinical practice. Medium consistency was observed between the aberrometers for aberrations Z 
